Objective.-Solar disinfection of water has been shown to be an effective treatment method in the developing world, but not specifically in a wilderness or survival setting. The current study sought to evaluate the technique using materials typically available in a wilderness or backcountry environment.
Introduction
Many techniques and devices are available to the wilderness traveler for the safe disinfection of drinking water. Although modalities such as filters, halogenation, and UV light treatment have been well described as safe and effective, other more improvisational techniques may be required in survival settings or when standard methods become unavailable. Solar disinfection (SODIS) for the treatment of drinking water has been well studied in the microbiology laboratory and is currently in practice as a water purification system in developing nations. 1, 2 The combination of heat and UV light to which the water is exposed can be sufficient to inactivate the majority of microorganisms in the water, decreasing the risk of enteric illness from waterborne pathogens. The standard method involves at least 6 hours of sun exposure to a polyethylene terephthalate (PET) container filled with no more than 2 to 3 L of water, placed on a black or reflective surface such as a tin roof. 3 Purpose-made LDPE (low-density polyethylene) plastic bags, enhanced with reflective aluminum or black plastic bottom surfaces, have been shown to serve as effective reactors as well. 4 Given its dependence on UV light exposure, SODIS is most effective between the latitudes of 151 N and 351 N (the approximate area between Guatemala City and Santa Barbara, CA) or similarly between 151 S and 351 S (for example, between La Paz, Bolivia, and Buenos Aires, Argentina). The equatorial area between 151 N and 151 S also provides adequate exposure, although the overall intensity of solar radiation in this region is somewhat decreased as a result of increased levels of cloud cover and humidity. 5 The efficacy of the technique outside of these latitude ranges has not been sufficiently evaluated.
A short description of this work was presented in an abstract poster presentation at the 2013 ACEP Research Forum (Seattle, WA) in October 2013.
Offprints will not be available from the author. Field trials have shown the technique to reduce levels of bacterial, viral, and protozoan pathogens to acceptable levels for drinking water, as well as a reduction in the burden of diarrheal disease in communities adopting the practice. 3 Proper use of the technique has also been shown to reduce the risk of contracting cholera. 6 SODIS has obvious potential advantages in austere environments in which individuals may have access to plastic water storage bottles but no filters or reagents necessary for other methods of disinfection, and has been suggested as a viable technique for water treatment in wilderness medicine texts and practice guidelines. 7 Yet although the materials necessary to properly disinfect water as described (ie, PET bottles, a tin roof or black surface) may be available in a setting such as a remote village, field hospital, or refugee camp, the wilderness traveler may have different materials at hand. Few trials have evaluated the suitability of the SODIS process in a wilderness or survival setting, and descriptions of the technique in standard wilderness medicine texts offer little detail or specifics necessary for successful implementation. We sought to evaluate whether the SODIS technique can be applied using materials and water containers typically available to backcountry travelers.
Recent studies suggest that solar disinfection may work more efficiently when using containers that transmit larger proportions of UV-B. PET, however, transmits very little UV-B, and Tritan copolyester-a proprietary formulation that is the main component of Nalgene water bottles-similarly absorbs the majority of UV-B light. 3, 8 Nonetheless, PET plastic transmits 85% to 90% of UV-A, which is most likely responsible for the antimicrobial effect observed with the technique. 3 In one transmittance study, Tritan transmitted slightly greater amounts of UV-A than PET throughout the 320-to 400-nm range. 8 Fisher et al 8 effectively tested the SODIS method on Nalgene bottles using the recommended technique of 6 or more hours of sun exposure on an angled piece of corrugated steel at a latitude of 17.41 S. The average time to achieve a 3-log reduction in wastewater E. coli burden was 7.54 hours, compared with 6.82 hours for the standard PET bottle in the same environment, although these differences did not seem to be statistically significant. 8 These results suggest that the Nalgene bottles would perform similarly to PET bottles in realistic field conditions in different locations and possibly when altering other variables, such as the nature of the reflective surface. Presumably, UV-A transmission in Nalgene bottles was primarily responsible for the disinfecting effect.
The solar exposure time required for treatment is quite variable. An exposure time of 6 hours is generally recommended, but longer times may be required in overcast skies or with water of greater turbidity. Exposure over 2 consecutive days may be required in covered sky conditions to reach the required cumulative radiation dose. 9 Comparative trials have shown that bacteria and viruses found in the environment may take longer to deactivate compared with laboratory-cultured test organisms. 8 Some studies have shown that up to 12 hours may be required to render Cryptosporidum parvum cysts ineffective, certainly longer than might be acceptable in a survival situation, in which a cumulative 12-hour sun exposure might not be feasible. 3 SODIS would be even more applicable to wilderness travel if exposure times could be shortened. Additives such as hydrogen peroxide and lime juice have been shown to dramatically increase the rate at which some microorganisms are inactivated. 10 Further research into easily available additives could make SODIS purification even more relevant to the needs of the wilderness traveler.
Standards for water disinfection in the wilderness setting differ from those intended for household use or for water treatment projects in the developing world. Backcountry travelers must balance the efficacy of any disinfection technique against the resources consumed, time available, and contact time required with the water in question. Although there is no well-established guideline for the wilderness setting, US Environmental Protection Agency guidelines for the evaluation of water purification devices generally recommend a 3-to 6-log reduction in the number of organisms: 3-log for cysts, 4-log for viruses, and 6-log for bacteria, using standardized test organisms.
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Methods
The SODIS technique was evaluated during 2 experimental trials on May 8 and May 9, 2012. Surface water was collected from a stagnant stream in Hacienda Baru, a wildlife preserve near Domincal, Costa Rica, at latitude 9.251 N. The high temperature during that 2-day period was 311C, and the low 231C, as per data provided by the Instituto Meteorologico Nacional of Costa Rica via email communication. The test periods consisted of exposure to bright sunlight under a nearly cloudless sky.
Water samples were collected in various containers commonly used by outdoor enthusiasts and available at many outdoor retailers in the United States. We choose to compare clear 32-fl. oz. Nalgene bottles (Nalge Nunc, Rochester, NY) and clear 2-L Platypus (2-L flexible water bottle, Cascade Designs, Seattle WA, see Figure) bladders as well as standard 20-fl. oz. PET water bottles (purchased locally). Nalgene bottles are made from patented Tritan copolyester. Platypus bladders are made of a nylon/polyethylene film. Water from a single location in the stream was placed into the 3 different types of containers: Nalgene bottles, PET bottles, and Platypus bladders.
In accordance with published SODIS technique, each water container was filled two-thirds to three-quarters full and aerated by shaking for at least 20 seconds. 5 The aerated containers were then filled to capacity. All bottles were placed horizontally on a reflective backpacker's survival tarp (Space brand all-weather blanket, Grabber products, Grand Rapids MI; Figure) . The containers were exposed to direct sunlight continuously for 6 hours in each of the trials, as described in the standard user's guide for the SODIS technique. 5 Control containers were placed in a cool, dark room (CDR) location during the experimental exposure times.
To establish a baseline bacterial load, 1-mL samples were collected from each container using sterile plastic pipettes. 3M Petrifilm E. coli/Coliform Count Plates (3M, St. Paul, MN) were inoculated with the samples and incubated for 24 hours at 351C and 50% humidity, as per manufacturer's recommendations. The total number of bacteria per milliliter of surface water were calculated. At the end of the exposure period, 1-mL samples of water were taken from each of the SODIS containers and tested as described above. None of the samples were treated with any other purification method. Colony-forming units (CFUs) were then counted with the aid of a digital camera with a 4Â optical zoom.
E. coli and total coliform colonies were counted after 24 hours of growth. Total preexposure and postexposure bacterial colony counts for the 2 single-day trials are shown in Table 1 .
Results
The mean number of E. coli CFUs/mL in Nalgene bottles was reduced from a mean of 42 to 35 after exposure to a CDR in trial 1, and from 9 to 6 in trial 2. Mean CFUs/mL of E. coli in Nalgene bottles undergoing SODIS exposure was reduced from 36.5 to 0 in trial 1 and from 10.5 to 0 in trial 2. The mean number of total coliform CFUs/mL in Nalgene bottles in CDR was reduced from 66 to 59 in trial 1 and from 41 to 38 in trial 2, and with SODIS treatment, from 65 to 0 in trial 1 and from 47 to 0 in trial 2.
The mean number of E. coli CFUs/mL in PET bottles was reduced from a mean of 49 to 37 after exposure to CDR in trial 1, and from 7 to 6 in trial 2. Mean CFUs/ mL of E. coli in PET bottles undergoing SODIS exposure was reduced from 34 to 0 in trial 1 and from 5.3 to 0 in trial 2. The mean number of total coliform CFUs/mL in PET bottles in CDR was reduced from 80 to 67 in trial 1 and from 58 to 36 in trial 2, and with SODIS treatment, from 61.7 to 0 in trial 1 and from 53.3 to 0 in trial 2.
The mean number of E. coli CFUs/mL in Platypus bottles was reduced from a mean of 35 to 32 after exposure to CDR in trial 1, and from 6 to 2 in trial 2. Mean CFUs/mL of E. coli in Platypus bottles undergoing SODIS exposure was reduced from 38 to 0 in trial 1 and from 6 to 0.5 in trial 2. The mean number of total coliform CFUs/mL in Platypus bottles in CDR was reduced from 67 to 63 in trial 1 and from 39 to 22 in trial 2, and with SODIS treatment, from 63 to 0 in trial 1 and from 40 to 0.5 in trial 2.
Logarithmic reductions for the above trials are shown in Table 2 .
The number of E. coli found in the source water on the first trial was greater than on the second. In each case, the total coliform count was significantly reduced after application of the backcountry SODIS technique.
Discussion
Although the SODIS technique has been described as a potentially useful water disinfection technique for backcountry travelers in wilderness texts, 7 few tests of the method have been done using the actual resources and tools that may be available to a wilderness traveler in a remote location or survival situation. In our experiment we tested the technique in a setting applicable to the wilderness traveler: with commercial water bottles common to outdoor travelers rather than well tested or specially designed PET bottles, and using a survival tarp as a reflective surface rather than a roof or purpose-made black surface as specified in the established method. The backcountry SODIS technique significantly lowered the coliform counts in both Nalgene and Platypus containers, and in each case, bacterial counts were reduced to negligible levels. The decrease in bacterial load in each of the 2 experimental containers was similar to the results found in the PET bottles.
LIMITATIONS
Because of logistic constraints, sample sizes were small. A common standard in assessing the efficacy of a water disinfection process is the ability to accomplish a 3-to 6-log reduction in the number of microorganisms present. 11 Our sample sizes were not sufficiently large to demonstrate this degree of reduction in either the PET bottles or the experimental bottles. Because of the relatively minor level of contamination in our test water source, we were unable to demonstrate that the SODIS technique was sufficient to treat water to the level of established standards (ie, 6-log reduction for bacteria); however, we do show that the technique applied in this particular source was essentially equivalent in standard containers when compared with containers commonly carried by wilderness travelers.
Post-SODIS treatment water had a decreased total coliform count as described above, and in almost all cases, no detectable coliform bacteria in the post-SODIS treatment samples. A larger scale study of solar disinfection in a backcountry setting would be required to demonstrate the usefulness of the technique in a variety of circumstances.
We were also unable to test for reductions in other pathogenic microorganisms, such as viruses, Cryptosporidium, and Giardia, although the SODIS method has been shown effective in controlling these organisms in standard conditions, albeit with longer exposure times for Cryptosporidium.
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Scratched or tinted bottles reduce SODIS efficiency. Our bottles were purchased new; older containers may contain more scratches and surface irregularities that would make the technique less effective. 
Conclusions
Solar disinfection has been shown to be an effective and practical method of drinking water disinfection in the developing world and in limited-resource settings. Our pilot study suggests that the technique may be equally applicable to the wilderness traveler or in survival situations in tropical settings, using commonly available materials. Larger scale, quantitative studies using similar materials could potentially demonstrate that solar disinfection should be added to the repertoire of techniques available to wilderness travelers. Further study in the backcountry setting could yield specific recommendations regarding materials, geography, solar contact time and appropriate containers for using the technique successfully, thus enabling wilderness instructors and textbooks to relay information with accuracy and specificity. The current study also helps to demonstrate the potentially fruitful intersection between the worlds of wilderness medicine and global health practice, in which improvisation and smart resource allocation play key roles in clinical practice. In recent years, considerable overlap has developed between the tools and techniques of wilderness medicine and the worlds of disaster medicine and humanitarian relief. In this paper, we consider a technique originally developed in the context of water purification in resource-poor settings, namely the developing world, and attempt to demonstrate its effectiveness in a survival or backcountry setting, using tools generally available to a wilderness traveler. 
